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(54) Amorphous pert luoropolymers 

(57) Use of amorphous perf luoropolymers based on 
homopolymers of the TTD dioxole or its amorphous 
copolymers to prepare solutions in fluorp-containing 
solvents, to obtain solutions for coatings, wherein TTD 
has the formula: 
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wherein R F is a perf luoroalkylic radical with 1 -5 carbon 
atoms, linear or branched when possible; X 1 and X 2 
equal to or different from each other being F or CF 3 ; 
the TTD amount ranges from 40 to 100% by moles. 
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Description 

The present invention relates to amorphous polymers based on f luoro-containing monomers utilizable in particular 
for coatings. More specifically we refer to homopolymers or copolymers having a solubility in fluoro-containing solvents 
being preferably also ozone-friendly (low ODP) and having also a low impact on global warming (GWP) of at least 15% 
by weight, more preferably higher than 20% by weight, combined with good mechanical properties 

It is well known that in applications for coatings it is desirable that the polymeric concentration in the solvent is as 
high as possible. This leads to operate with less amount of solvent and therefore with reduced problems of recovery 
and of environmental impact. 

Moreover the solvents to be utilized must not be toxic and must have preferably the characteristics indicated above 
since the laws of the various countries have banned the use of most solvents, utilized up to now. owing to problems of 
ozone impact. 

As examples of solvents which cannot be longer utilized for their impact on the ozone, chloro-containing solvents 
chlorofluorocaibons (CFC) can be mentioned. In particular CFC 1 13 (CC^F-CCIF^. usually employed as a solvent to 
'5 prepare solutions for coatings, cannot be utilized any longer. 

More particularly, the invention relates to perfluoropolymers which, as well known, can be crystalline or amorphous 
The crystalline polymers are characterized by an high thermal stability and an high chemical resistance However these 
polymers result unscJuble in any solvent at room temmperature. therefore they cannot be utilized to prepare solutions 
for coatings. Moreover these crystalline polymers are characterized by low optical properties since the presence of 
20 crystallites gives rise to light scattering. 

Amorphous perfluoropolymers can be subdivided in two classes: those which have a transition temperature Tg 
lower than room temperature and those having a Tg temperature higher than room temperature. The former need a 
crosshnking to confer to the material the required mechanical properties that a coating must have 
The latter are at the glass state up to the Tg of the material and therefore have mechanical properties up to the Tg of 
25 the material without the need of any crosslinking. 

The present invention refers to this last group of amorphous perfluoropolymers. 

Amorphous perfluoropolymers of this class are known in the art. see for intance patent US 3,865845 wherein 
homopolymers of a specific dioxole. i.e. perfluoro-2.2-dimethyl-l.3-dioxole (PDD) and PDD copolymers with tetraf luor- 
oethylene (TFE) are described. In this patent PDD homopolymers and crystalline copolymers having a melting point of 
for? afe exem P lif,ed - ^ crystalline copolymers have been obtained by utilizing amounts lower than 12% by moles 
of PDD. It is well known, according to the teaching of the patent, that copolymers between PDD/TFE with any ratio of 
the two monomers, can be prepared. In the patent it is stated that the examples are given only for illustrative purposes 
onr^rrt art te Capable of Carrying out various examples to prepare the copolymers with various 

PDD/TFE ratios. In particular the skilled can prepare crystalline and amorphous copolymers also with the absence of 
residual crystall.nrty so as to obtain a product with good optical properties. In the description indeed it is stated that the 
homopolymers and copolymers of the invention can be utilized for cast into films, i.e. to prepare solutions for coating 

The solubility in ozone-friendly solvents, for instance FLUORINERT® FC 75, results low and much lower than the 
limits indicated above, as reported in patent WO 95/07306 described further on. 

In patent EP 73087. PDD/TFE copolymers are described wherein TFE can range from 1 to 99% by weight In 
pratice this patent characterizes the copolymers already described in the previous patent. It is stated that if the PDD 
amount is lower than 1 1% by moles, crystalline copolymers are obtained, moreover different Tg are obtained depending 
or. the PDD amount. For instance with 1 1 .2% by moles of PDD there is a Tg of 57°C. while with 56.9% there is a Tg of 
1 1 9°C. As to the solubility, the considerations made for the previous patent are valid. 

In patent EP 645406 further characterization data are given and it is stated that the amorphous copolymers of PDD 
are soluble in FLUORINERT® FC 75 produced by 3M Company (perfluoro(n-butyl-tetrahydrofurane)). wherefore the 
copolymers are particularly suitable for coatings. A 5% solution of a copolymer with a PDD content of 72% by moles is 
exemplrf.ed. The amorphous copolymers which have a combination of optimal properties have a PDD content ranging 
from 65 to 99% by moles. Also in this case the solubilities in the exemplified solvent are very low. 

From USP 4,594,399 are known TFE homopolymes and copolymers with another specific dioxole wherein the car- 
bon linked to the oxygen atoms, instead of two perfluoroalkylic groups C r C 4 . considers the case in which one of these 
groups is F or CI. It is stated .n the patent that said homopolymers and copolymers can be utilized to prepare solutions 
for coatings The solubility values in the solvents mentioned below are not given 

Moreover it is known from patent EP 80187 a dioxole (PD) having the two carbori valences bound to the oxygen 
saturated wrth two fluorine atoms. Crystalline and amorphous copolymers of this specific dioxole are described the lat- 
ter are obtained when the PD amount is higher than 12% by moles. Coatings with solutions in FC 75. having copoly- 
mers concentrations of about 3% by weight, are described. 

From patent EP 95077 f luorodioxoles are known wherein at least an hydrogen or chlorine atom is present on the 
carbon in the double bond. It is stated in the description that amorphous copolymers are soluble in FC 75 and therefore 
utilizable for coatings. Experimental data of solubility are not reported. 
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In patent WO 95/07306 functional fluoropolymers are described which are obtained by the use of functional mon- 
omers introduced in PDD-based homopolymers or copolymers. The amounts of the functional monomer preferably 
range from 0.5 to 5% by moles. This functional monomer has the purpose to increase the solubility since the PDD amor- 
phous copolymers, in particular with TFE, have a low solubility. In particular the solubility is 2% by weight when PDD is 

5 present in amounts of about 95% by moles; if the PDD amount is 65% by moles the solubility in FC 75 is 10% by weight. 
With the addition of the functional monomer, the solubility is slightly increased. 

The Applicant has surprisingly and unexpectedly found a particular and specific class of amorphous perfluoropol- 
ymers based on a particular and specific dioxole having a high solubility in the solvents as defined above, for instance 
FC 75, without utilizing additional functional monomers. 

io An object of the present invention is the employment of homopolymers of the TTD dioxole or its amorphous copol- 
ymers to prepare solutions in fluoro-containing solvents, preferably also ozone-friendly and also with a low GWP 
impact, in order to obtain solutions for coatings, wherein TTD has the formula: 



CO 



CF = C - OR F 
I I 

o o 

\ / 

0X^X2 



wherein R F is a perfluoroalkylic radical with 1 -5 carbon atoms, linear or branched when possible; X 1 and X 2 equal to or 
different from each other being F or CF 3 ; 

the TTD amount ranges from 40 and 100% by moles; the other comonomer, in the copolymers case, is chosen from 
25 one or more of the following: tetrafluoroethylene (TFE), chlorotrifluoroethylene (CTFE), hexafluoropropene (HFP), per- 
f luoroalkylvinylether (PAVE) of formula CF 2 =CFOR> wherein R> is a perfluoroalkylic radical from 1 to 3 carbon atoms. 
Other comonomers which can be utilized are the PDD and PD dioxoles indicated above. 

The solubility in the mentioned solvents of the TTD homopolymers or its amorphous copolymers with the comono- 
mers indicated above result to be higher than 15% by weight, in particular higher than 20% by weight, and can reach 
30 also values of 60% by weight or higher. ^, 

The copolymers can be prepared with various Tg by varying the TTD percentage. The intrinsic viscosities of the 
polymers generally range from 20 to 200 cc7g. preferably 40-100 cc/g, measured for instance in FLUORINERT® FC 75 
(pert luoro(n-butyrtetrahydrof urane)) at 25°C. . 

The preferred copolymers according to the present invention are the TTD copolymers with tetrafluoroethylene. The 
35 other comonomers when present are generally in amounts comprised between 0. 1% by moles and 20% by moles, pref- 
erably lower than 10% by moles. V 

The comonomers are generally chosen so as to give preferably a Tg higher than 100°C. [ 

Preferably the TTD amount ranges from 50 to 95% by moles. The preferred TTD is the one in which R F is equal to 
CF 3 , Xt and X 2 are equal to F. In this case among the other comonomers, also TTD can be utilized, wherein X-j and X 2 
40 are CF 3 , or at least one of the two is CF 3 . 

The TTD dioxoles and the corresponding homopolymers and copolymers according to the present invention are 
prepared and obtained according to USP 5,498,682. 4 

The utilizable solvents having the above characteristics are the perfluorinated ones, optionally containing ethereal 
oxygen in the molecule or heteroatoms such as nitrogen; pert luoropolyethers containing perfluorooxyalkylenic units and 
45 with perfluorinated end groups, optionally the terminals containing hydrogen, such as -OCF 2 H, -OCF(CF 3 )H, - 
OCF 2 CF 2 H, -OCF(CF 2 H)CF 3 . 

The boiling points of the perfluoropolyether products generally range from 60 to 300°C, preferably from 80 to 
160°C. 

As solvents it can be cited in particular perfluoro(n-butyl-tetrahydrof urane), pert luoropolyethers with perfluorinated 
50 end groups, for instance GALDEN® D80 commercialized by AUSIMONT, having boiling temperature of 82°C and 
number average molecular weight of 390, perfluoropolyethers wherein at least a perfluorinated end group contains an 
hydrogen atom. 

The perfluoropolyethers are polymers containing the following units randomly distributed along the chain chosen 
from: (C 3 F e O). (C 2 F 4 0). (CFXO) wherein X is equal to F or CF 3 , (CRi R 2 CF 2 CF 2 0) wherein R 1 equal to or different 
55 from R 2 is H, F, perfiuoroalkyl CVC 3 . 

In particular the following perfluoropolyethers can be mentioned 

a) -0(C 3 F 6 0) m (CFXO) n - wherein the unit (C 3 F 6 0) and (CFXO) are perfluorooxyalkylenic units randomly distrib- 
uted along the chain; m* and n" are integers such as to give products with boiling point generally from 60° to 300°C, 
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the end groups being chosen from -CF 3 , -C 2 F 5 . -CgF 7 , -CF 2 H -CFHCF, 

patan, appBcMon S i'sST **' 271 European patenB EP 239 ' 123 Ep "M82 and Imamattona, 

the STcX^Se S^^S^ Pr0C fr : jn 3 50 m ' S ' aSS " aSk - 

WJK , iutapp., again ^ «,a taS^'SSS^* SO "* , " 2a '"' " *""*"• " ** <*>"> 

-J^ttSSlfi^Sr 5 38 P,e "° , ' ay <'^-*^»>^-' va.ua iacnn^aan^un, 
The solvents utilized in the examples are the following: 

' ^olTn^^Pr^^ """ — — * 3M 0— — ■ 
- GALDEN® D80 (Perfluoropolyether), commercialized by Ausimont and havino of *?°r n. ™k 

CFHPF nr W lj\ «; u [ W CaALDEN D8 C wherein an end group is pef luorinated and the other is - 

S2Ti * out 120 ^ Teb of 1 1 °° c - number — — * of 

Jheut^ed dioxo.e in me examp.es is TTD S^.^trif.uoro-S-trif.uoromethoxy.l.S^oxole having the formula indi- 
The following examp.es are given only for H.ustrative purposes and are not .imitative of the present invention. 



55 



Afte vL™ fSSHSf! autOC ' a | ve ^ ui PP ed * stirrer working at 650 rpm is utilized, 
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(potassium persulphate) having a concentration of 0.0925 moles/I H 2 0 are introduced. The reaction pressure is 
restored to the intitiaf value after every decrease of 0.5 bar with a semicontinuous feeding of liquid TTD and of gaseous 
TFE, in the ratio of 2.5 TTD/TFE by weight between the two monomers. 1036 g of TTD (the initial load excluded) are 
fed in total. After 450 minutes the reaction is stopped, from the reactor a latex chacterized by a content of solid of about 
5 27% by weight, is discharged. The latex is coagulated with HN0 3 at a concentration of 65% by weight and dried in stove 
at 95°C for 40 hours. 

The so obtained white powder is utilized for all the chemical-physical measurements: glass transition temperature 
(Tg), intrinsic viscosity, NMR and solubility measurements. The same powder is extruded on a BRABENDER extruder, 
setting up a temperature on the melt product of 250°C. The obtained granules are utilized for the compression molding 
io of the plaques utilized for the mechanical properties. 

In Table 1 the chemical-physical and mechanical properties are reported; in Table 2 the solubility data in the men- 
tioned solvents are reported. 
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EXAMPLES 1 A and 2A (comparisons) 



Example 1 is compared with the literature data relating to TEFLON AF 1600 (ex. 1A) and 2400 (ex. 2A) reported in 
Macromolecular Symp. 82, 61-65 (1994) for the mechanical and rheological properties (see Table 1); and with the sol- 
ubility data reported in TEFLON AF - Technical Information - Properties of Amorphous Fluoropolymers Based on 2,2- 
Bistrif luoromethyl-4, 5-Dif luoro-1 ,3-Dioxole, W.H. Buck and P. R. Resnick, presented at the 1 83rd Meeting of the Electro- 
20 chemical Society, Honolulu, HI, May 17,1 993, pages 1-11 (see tab. 2). The dioxole utilized in these comparative exam- 
ples is PDD 2,2 perfluoromethyl, 4, 5-d if luoro-1 ,3-dioxole. 

EXAMPLE 2 

25 One operates as for example 1 except for the following modifications: 

the TTD amount initially introduced results to be of 65.3 g/l water, 

the polymerization pressure reached with TFE results of 14 absolute bar, 

the reaction pressure (1 4 absolute bar) is restored after every decrease of 0.5 bar by a semicontinuous feeding of 
30 liquid TTD and gaseous TFE in the ratio by weight TTD/TFE = 2.58. ^.<> 

493 g of liquid TTD (the initial load excfuded) are fed in total. 

After 333 minutes the reaction is stopped and from the reactor a latex is discharged whose content in solid results 
of 1 1%. The latex is coagulated with 65% nitric acid, dried in stove at 95°C for 40 hours. 
35 The chemical-physical characteristics of the polymer are reported in Table 2. 

EXAMPLE 3 

One operates as in example 1 with the following modifications: 

40 

the amount of water introduced results to be 3276 cc, 

the amount of initial TTD results to be 299 g (TTD)/I (H 2 0), 

the polymerization pressure reached with TFE results of 14 absolute bar, 

the amount of initiator introduced results to be 24 cc. The initiator solution has the same molar concentration of that 
45 of Example 1 . 

the reaction pressure is maintained constant during the whole synthesis by a semicontinuous feeding of liquid TTD 
and gaseous TFE, in the TTD/TFE ratio = 12 by weight between the two monomers. 

960 g of liquid TTD (initial load excluded) are fed in total. After 170 minutes the reaction is stopped, the solid degree 
so reached results of 7%. The polymer is coagulated with 65% HN0 3 and dried in stove at 1 00°C for 24 hours. 

EXAMPLE 4 

One operates as described in example 1 except for the following modifications: 

the amount of demineralized water initially introduced results to be 2672 cc, 
the TTD amount initially introduced results equal to 161.8 g/l water, 
the polymerization pressure reached with TFE results to be 12 absolute bar, 

the introduced initiator amount (persulphate ammonium) results to be 48 cc. The initiator solution has the same 
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molar concentration of example 1 , 

the reaction pressure (12 absolute bar) is restored after everv deer^P nfn«; k=, k, ^ , 

•iquid TTD and gaseous TFE, the raJby weight ^7^7^°^^^^ ° f 

504 g of liquid TTD (the initial load excluded) are fed in total 

After 380 minutes the reaction is stopped and an amount of latex corresponding to 12% of solid is discharn^ 
The polymer is coagulated with 65% HN0 3 and dried in stove at 1 10°Cfo r 24 hours d '**arged. 
The chemical-physical characteristics of the polymer are reported in Table 2. 



EXAMPLE 5 



One operates as in example 1 with the following modifications: 



the amount of demineralized water initially introduced results to be 2457 cc 

the TTD amount initially introduced is equal to 280 g/l water 

the polymerization pressure reached with TFE results to be 12 absolute bar 

the m.tiator amount (persulphate ammonium) initially introduced results to be 43 cc Th* initio * . * t , 
same molar concentration of that of example 1 . cea resu,ts *° ^ 43 cc. The mrtator solution has the 
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TABLE 1 




Tg rc) 

Intrinsic viscosity fa] (cc/g) in FLUORINERT® FC 75 (ASTM D 2857) 
Density at 23°C (ASTM D792) (g/cc) 
Melt viscosity (Pa.s) at 250°C at 100 s 1 (ASTM D3835) 



Mechanical properties at 23°C(ASTM D1708) 



Young Modulus (MPa) 
Yield Stress (MPa) 
Stress at break (MPa) 
Strain at break (%) 



Ex. 1 
103.2 
83.5 
1.955 
2.6. 10 3 



1400 
38 
29 
50 



1.78 
2.657.10 3 



240 



1.67 
540 



1549 
27.4 
26.9 
17.1 



1540 
26.4 
26.4 
7.9 
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Max sol . 
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in GALDEN H 




co cn 0 2 1 1 
(N r» n in A 


Max sol . 
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Max sol . 
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Intrinsic 
viscosity 
[17] (cc/g) 
in GALDEN D80 


0 cn m U> CD , 
co m m f*i <n 


Intrinsic 
viscosity 
(cc/g) in 
FLUOR INERT 
FC75 


**> «2 . . 1 1 • 
00 m 




r*> CD c\ in 0 0 
OO rH f\) rj» \D 
1 tH 1— 1 «H •— < t-H <N 


TTD 
(% by 
moles) 

at iVrlK 


^ o> r- vo 00 * JL- 
in in v© r- r- ^ «, 


Examples 


Example 1 

Example 2 

Example 3 

Example 4 

Example 5 

Ex. 1A (comp.) 
TEFLON AF 160 0 

Ex. 2 A (comp.) 
TEFLON AF 24 00 
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Claims 

1 . Use of amorphous perf luoropolymers based on homopolymers of the TTD dioxole or its amorphous copolymers to 
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r ■ 

prepare solutions in fluoro-containing solvents, to obtain solutions for coatings, wherein TTD has the formula. 



CF = C - OR F 



O O 

\ / 
CXjX, 



tn h r5« RF perf,uo ,: oa ' k y ,ic radical with 1 -5 carbon atoms, linear or branched when possible; X, and X, equal 
to or Afferent from each other bang F or CF 3 ; the TTD amount ranges from 40 to 100% by moles. 

2. Use of amorphous perfluoropolymers based on homopolymers of the TTD dioxole or its amorahous mnn i™, 0 ,c 
according to claim 1. wherein the other comonome, in the case of copolymer is chosen from one" mTe o7*e 

Z™£ V^^IF^mT™^™ iCWE) ' h -«-°P^- (HFPrpeXoroa^ 
nyietners (PAVE) of formula CF 2 =CFOR F wherein R> ,s a perfluoroalkylic radical from 1 to 3 carbon atoms. 

3 " ^HinT^ 0 " 5 r rf !"° rOP ° lymerS ba8ed on homopolymers of the TTD dioxole or Hs amorphous copolymers 
c 3 o~ mTrnour^ ~ * - of on^ZZ 

4 rssr^s ~ 

5 ' accoS^ b3Sed ° n hom °P 0, y mer s of the TTD dioxole or its amorphous copolymer 

according to claims 1 -4. where.n the amount of TTD ranges from 50% to 95% by moles. copo.ymers 

6. Use of amorphous perfluoropolymers based on homopolymers of the TTD dioxole or amnrnh™ , e , 

£££ 1 1 W , her6in S0 ' VentS arS ^ * 0m the S^SSSZ. XX^SeT 

T ° r heteratoms «*« nitr °9^ perfhioropolyethers containing p^ZoSSenl 
units and having pert luor mated end groups, optionally containing hydrogen. pemuorooxyalkylemc 

7. Use of amorphous perfluoropolymers based on homopolymers of the TTD dioxole or its amorohou* 
according to claim 6, wherein the boiling point of the perf.uoropo.yether producT^eS JlSSSS MoT 

8. Use of amorphous perfluoropolymers based on homopolymers of the TTD dioxole or hs amorahous ™™iu morc 
according ,o claim 7, wherein the boiling point of the perf.uoropo.yether pnx^ ^ S?: S«C 

t c o h o'^rz^ 

10 ' a^2in^ r l OUS o Pe, !I UOrOPOlymerS °" hom °P°ly™<s °< the TTD dioxole or its amorphous copolymers 

according to claim 9, wherein perfluoropolyethers are chosen from: copolymers 

a) 0(C3F 6 0) m (CFXO) n - 

wherein the unit (C^O) and (CFXO) are perfluorooxyalkylenic units randomly distributed along the chain- m" 

f TFZ T 35 t0 ^ Pr0dUCtS With b0 " in9 P° int 96nera,, y from 600 to 3 "0°C. anS SnTS^ 
w c"^ °^ ° ' S different from °: x is epua' to F or CF 3 ; n' can also be 0 

b) -O(C 2 F 4 O) p (CFXO) q .-(C3F 6 0) r 3 . ' 

to^f^lw™ 1 /' SUCh 38 *° 9iVe pr0duCtS With boil ' ng I*** indicated in a), pVq" ranges from 5 

to OA preferably from 2. 7-0.5; f can be 0 and q7(q W ) tower than or equal to 1/10 and tne tVp' rato is from 

c) -(CR, R 2 CF 2 CF 2 0) n - wherein R, and R 2 have the meaning indicated above and n is an inteoer « ^ 
"CFHCF^ ^ b0i ' in9 '*** indiCatSd ' n a): end 9r ° UF - b6i " 9 ChOSe " fro - ^3 cX'cIf, CF^ 
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